To investigate why Rhizobium sp. (Cicer) strain CC 1192 cells accumulate poly-R-3-hydroxybutyrate in the free-living state but not as bacteroids in nodules on chickpea (Cicer arietinum L.) plants, we have examined the kinetic properties of acetyl coenzyme A (acetyl-CoA) acetyltransferase (also known as acetoacetyl-CoA thiolase and 3-ketothiolase [EC 2.3.1.9]) from both types of cells. The enzyme had a native molecular mass of 180 ؎ 4 kDa, and the subunit molecular mass was 44 ؎ 1 kDa. The seven amino acids from the N terminus were Lys-Ala-Ser-Ile-Val-Ile-Ala. Thiolysis and condensation activity of the enzyme from free-living CC 1192 cells were optimal at pHs 7.8 and 8.1, respectively. The relationship between substrate concentrations and initial velocity for the thiolysis reaction were hyperbolic and gave K m values for acetoacetyl-CoA and CoA of 42 and 56 M, respectively. The maximum velocity in the condensation direction was approximately 10% of that of the thiolysis reaction. With highly purified preparations of the enzyme, a value of approximately 1 mM was determined for the apparent K m for acetyl-CoA. However, with partially purified enzyme preparations or when N-ethylmaleimide was included in reaction mixtures the apparent K m for acetyl-CoA was close to 0.3 mM. In the condensation direction, CoA was a potent linear competitive inhibitor with an inhibition constant of 11 M. The much higher affinity of the enzyme for the product CoA than the substrate acetyl-CoA could have significance in view of metabolic differences between bacteroid and free-living cells of CC 1192. We propose that in free-living CC 1192 cells, the acetyl-CoA/CoA ratio reaches a value that allows condensation activity of acetyl-CoA acetyltransferase, but that in CC 1192 bacteroids, the ratio is poised so that the formation of acetoacetyl-CoA is not favored.
Nitrogen fixation in legume-rhizobium symbioses depends on the integration of metabolic processes in two organisms, with the host plant supplying carbon to the bacteroid microsymbiont and in return receiving reduced nitrogen. Considerable amounts of energy and reductant are required for nitrogen fixation, but nevertheless, bacteroids in many types of symbioses appear to take up more carbon than can be immediately utilized, as seen by their accumulation of large reserves of poly-R-3-hydroxybutyrate (PHB [2, 4, 12, 33] ). The importance of PHB in symbiotic nitrogen fixation is unclear. These reserves have been suggested to sustain nitrogen fixation when the supply of photosynthate from the host is reduced, for example, during extended periods of low light intensity and pod filling, and they are also considered to be important in maintaining metabolic activities that afford protection to nitrogenase from damage by O 2 (3, 4, 14, 25) . On the other hand, bacteroids in some symbioses do not accumulate PHB (20) , and nodules formed with Rhizobium mutants unable to synthesize PHB appear to have undiminished nitrogen fixing activity (6, 24) .
The biosynthesis of PHB in most bacteria is initiated with the condensation of two molecules of acetyl coenzyme A (acetyl-CoA) by acetyl-CoA acetyltransferase (also known as acetoacetyl-CoA thiolase, or 3-ketothiolase [KT; EC 2.3.1.9]). Acetoacetyl-CoA is then reduced by an NADPH-dependent acetoacetyl-CoA reductase (EC 1.1.1.36) to R-(Ϫ)-3-hydroxybutyryl-CoA and incorporated into PHB by PHB synthase (1) . Since PHB synthesis competes with nitrogenase for reductant, the partitioning of carbon between the tricarboxylic acid (TCA) cycle and PHB synthesis in bacteroids needs to be tightly regulated. The condensation reaction catalyzed by KT is at the branch point for the partitioning of acetyl-CoA between the TCA cycle and PHB synthesis, whereas the thiolysis reaction, which is strongly favored thermodynamically, is involved in the breakdown of acetoacetyl-CoA during PHB mobilization. The genetics of PHB synthesis have been analyzed to some extent (28, 30) , but the biochemical controls which regulate the pathway are less well understood. We are investigating the control of PHB synthesis in nitrogen-fixing symbioses, and to this end, we are seeking to determine why Rhizobium sp. (Cicer) strain CC 1192 bacteroids in nodules on chickpea plants (Cicer arietinum L.) do not contain PHB, whereas in the free-living state, these cells accumulate substantial amounts of this reserve (13, 16) . Soluble extracts of bacteroid and freeliving cells of CC 1192 contain KT and NADPH-dependent acetoacetyl-CoA reductase activities (13) , but presumably these enzymes are subject to fine controls that inhibit the flux of carbon into PHB in the bacteroids. In this report, we describe properties of KT that may have regulatory significance in free-living and bacteroid cells of CC 1192. This enzyme has been characterized from Bradyrhizobium japonicum bacteroids (29) , which, unlike CC 1192 bacteroids, accumulate PHB in the symbiotic state. The CC 1192 KT had much higher affinity for the product CoA than the substrate acetyl-CoA in the condensation direction, a property we suggest could have significance in relation to the metabolic differences between the bacteroid and free-living forms of these cells.
MATERIALS AND METHODS

Materials.
Cultures of Rhizobium sp. (Cicer) strain CC 1192 and nodulated chickpea (Cicer arietinum L. cv. Amethyst) plants were grown as described previously (13) . Fractogel TSK-HW 55 (F) was obtained from E. Merck (Darmstadt, Germany), Econo-Q and Econo-Pac DG 10 columns were obtained from Bio-Rad (Hercules, Calif.), HA-Ultrogel was obtained from Sigma Chemical Co. (St. Louis, Mo.), and Superose 6 and Mono-Q HR 5/5 were obtained from Pharmacia (Uppsala, Sweden). All other chemicals and biochemicals were obtained from Sigma or Boehringer GmbH (Mannheim, Germany).
Purification of KT. Chomatographic steps were performed at 20 to 22°C; all other steps were performed at 0 to 4°C. Pellets of free-living cells of CC 1192 (3 to 5 g [wet weight]) were resuspended in 40 ml of 20 mM Tris-HCl (pH 7.8) containing 0.5 mM dithiothreitol (DTT) and 1 mM Na 2 EDTA (buffer A), passed through a French press three times with a pressure of 5.4 kPa, and centrifuged at 100,000 ϫ g for 1 h. The supernatant, referred to as the crude extract, was brought to 50% saturation with the addition of 0.3 g of (NH 4 ) 2 SO 4 per ml and centrifuged at 36,000 ϫ g for 20 min.
The pellet was discarded, and then the supernatant was brought to 85% saturation with the addition of 0.23 g of (NH 4 ) 2 SO 4 per ml and centrifuged at 36,000 ϫ g for 30 min. The pellet was dissolved in 2 ml of buffer A, desalted in an Econo-Pac DG 10 column, and applied to two Econo-Q columns (10 ml each) connected in series, which had been equilibrated previously with buffer A containing 50 mM KCl. The columns were washed with 100 ml of buffer A containing 50 mM KCl and eluted at a flow rate of 1 ml min Ϫ1 with a gradient produced by introduction of three steps of 15 ml of buffer A containing 0.1, 0.15, and 0.2 M KCl, respectively. Fractions (3 ml) containing KT activity were pooled, concentrated to 2 ml by centrifugation in an Amicon (Beverly, Mass.) Centricon-30 concentrator, and applied at a flow rate of 0.3 ml min Ϫ1 to a Superose 6 column (48 by 1 cm) which had been equilibrated with buffer A containing 50 mM KCl.
Fractions (1.5 ml) with activity were pooled, concentrated to 3 ml, and applied at a flow rate of 0.5 ml min Ϫ1 to a Mono-Q HR 5/5 column which had been equilibrated previously with buffer A containing 0.15 M KCl. After the column had been washed with 50 ml of buffer A containing 0.15 M KCl, proteins were eluted with successive additions of 12 ml of buffer A containing 0.2, 0.25, and 0.3 M KCl, respectively. Fractions (2 ml) with KT activity were pooled, concentrated to 3 ml in a Centricon concentrator, exchanged with an Econo-Pac DG 10 column into 20 mM P i (K salt [pH 7.9]) containing 0.5 mM DTT (buffer B), and applied to an HA-Ultrogel column (10.5 by 1.5 cm) which had been equilibrated previously with buffer B. The column was eluted with buffer B at a flow rate of 1 ml min Ϫ1 . Active fractions (3 ml) were pooled, concentrated to 3 ml, exchanged into 20 mM triethanolamine-HCl (pH 7.0) containing 0.5 mM DTT and 1 mM Na 2 EDTA (buffer C), and applied at a flow rate of 1 ml min Ϫ1 to a Mono-Q HR 5/5 column which had been equilibrated previously with buffer C. After being washed with 50 ml of buffer C containing 0.15 M KCl, the column was eluted with successive steps of 12 ml of buffer C containing 0.2, 0.25, and 0.3 M KCl, respectively. Active fractions (2 ml) were pooled, concentrated to 3 ml, exchanged into buffer A containing 20% (vol/vol) glycerol, concentrated again to approximately 2 ml, and stored at Ϫ20°C.
For the isolation of KT from bacteroids, pellets (1 g [wet weight]) were resuspended in 40 ml of a mixture of 25 mM Tris-HCl (pH 7.5), 1 mM Na 2 EDTA, 5 mM MgCl 2 , and 1 mM DTT; passed through a French press three times with a pressure of 5.4 kPa; and centrifuged at 36,000 ϫ g for 30 min. The supernatant was fractionated with solid (NH 4 ) 2 SO 4 , and the material which precipitated between 40 and 80% saturation was collected by centrifugation, dissolved in 2 ml of Tris-HCl (pH 7.5) containing 50 mM KCl, and desalted in an Econo-Pac DG 10 column. The bacteroid KT was partially purified by chomatography in a Fractogel TSK-HW 55 (F) column (115 by 2.5 cm) and an Econo-Q column as described for the enzyme from free-living CC 1192. Preparations of this type were used in the kinetic studies described.
Enzyme assays. Enzyme assays were performed at 30°C in reaction mixtures which had a final volume of 1 ml. Activities were calculated from linear initial rates that were proportional to the amount of enzyme added. One unit of enzyme activity is defined as the amount of enzyme that catalyzed the formation of 1 mol of product min
Ϫ1
. Thiolysis activity of KT was assayed by continuous monitoring of the decrease in A 303 due to the disappearance of the Mg 2ϩ -enol complex of acetoacetyl-CoA according to the method of Karr et al. (12) . Standard reaction mixtures contained 0.1 M Tris-HCl (pH 7.8), 25 mM MgCl 2 , 50 M acetoacetyl-CoA (Na salt), and 70 M CoA (Na salt). Reactions were initiated with CoA, and an extinction coefficient of 14,210 M Ϫ1 cm Ϫ1 was used to calculate activity. This assay method was used for detection of KT activity during the purification steps. Calibration curves of the absorbance of known concentrations of acetoacetylCoA at different pH values and divalent metal ion concentrations were used to calculate the extinction coefficient of the enol complex in reaction mixtures that differed from standard conditions. Thiolysis activity due to 3-ketoacyl-CoA thiolase (EC 2.1.3.16) was assayed under two different sets of conditions with 3-ketodecanoyl-CoA as a substrate (26, 29) .
The activity of KT in the condensation direction was assayed by monitoring of the decrease in A 340 due to the oxidation of NADH in the presence of 3-hydroxyacyl-CoA dehydrogenase (DH) as described by Suzuki et al. (29) . Reaction mixtures contained 50 mM Tris-HCl (pH 8.1), 70 M NADH, 250 M acetyl-CoA (Li salt), 2 U of 3-hydroxyacyl-CoA DH (EC 1.1.1.35 [Sigma]), and an appropriate volume of KT preparation. Reactions were initiated by addition of acetyl-CoA. In control assays, known amounts of acetoacetyl-CoA were converted quantitatively. Increasing the amount of 3-hydroxyacyl-CoA DH in the reaction mixtures to 3 U did not increase activity, indicating that the coupling enzyme was not rate limiting.
To determine the values of kinetic parameters, data were first analyzed graphically to check the linearity of double reciprocal plots and then were fitted by nonlinear regression to the appropriate rate equation according to the method of Duggleby (9) .
Protein content was determined with Coomassie blue reagent (Bio-Rad) according to the manufacturer's instructions, with bovine serum albumin as a standard.
Determination of native molecular mass. The native molecular mass of KT was determined at 20 to 22°C in a Fractogel TSK HW-55 (F) size exclusion column (115 by 2.5 cm) in a mixture of 25 mM N-tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid (TES)-KOH (pH 7.5), 1 mM Na 2 EDTA, and 50 mM KCl at a flow rate of 1.5 ml min
. Apoferritin (443 kDa), ␤-amylase (200 kDa), alcohol DH (150 kDa), and bovine serum albumin (66 kDa) were used to calibrate the column, and the excluded volume was measured before each experiment with blue dextran 2,000 (2,000 kDa).
Electrophoresis. Protein samples were denatured by being heated for 5 min in a boiling water bath with 1% (wt/vol) sodium dodecyl sulfate (SDS) and 5% (vol/vol) 2-mercaptoethanol and then were subjected to SDS-polyacrylamide gel electrophoresis at 20 to 22°C according to the method of Laemmli (15) . Gels were stained for polypeptides with silver reagent (Bio-Rad) according to the manufacturer's instructions.
For N-terminal sequencing, polypeptides were electroblotted from gels to Trans-Blot polyvinylidene difluoride membrane (Bio-Rad) with a semidry blotting system according to the manufacturer's instructions. The single band corresponding to a molecular mass of 44 kDa, which was revealed by staining with Coomassie blue, was excised and the N-terminal sequence was determined by the Macquarie University Centre for Analytical Biotechnology (Sydney, Australia).
RESULTS
Purification of KT from free-living Rhizobium sp. (Cicer) strain CC 1192 cells. By the procedure summarized in Table 1 , KT was purified approximately 160-fold, with an overall recovery of 8%. Only one peak of enzyme activity was observed in all of the chromatographic steps. No 3-ketoacyl-CoA thiolase activity was detected with 3-decanoyl-CoA as a substrate in crude extracts from CC 1192 cells nor after any of the purification steps. The purified KT lost less than 20% of its activity over 60 days when stored at Ϫ20°C in buffer A containing 20% (vol/ vol) glycerol. In the absence of glycerol, approximately 20% of activity was lost at Ϫ20°C within 15 days, whereas in the absence of DTT and glycerol, the loss of activity in this period was more than 50%.
The native molecular mass of KT, as determined by sizeexclusion chromatography, was 180 Ϯ 4 kDa (mean Ϯ standard error [SE] of three determinations). Only one polypeptide band with a molecular mass of 44 Ϯ 1 kDa (mean Ϯ SE of five determinations) was observed when SDS-polyacrylamide gels of the purified enzyme were stained with silver reagent (Fig. 1) or blotted onto polyvinylidene difluoride membrane, which was subsequently stained with Coomassie blue. The seven amino acids from the N terminus of KT from CC 1192 were Lys-Ala-Ser-Ile-Val-Ile-Ala. This sequence did not match those published for KT from other sources (28, 30) . Kinetic properties of KT. Thiolysis activity of KT was optimal at pH 7.8, with 90% or greater of the maximum activity between pHs 7.5 and 8.3. These values take into account the effect of pH on the extinction coefficient of the Mg 2ϩ -enol complex of acetoacetyl-CoA. Activity in the condensation direction was optimal near pH 8.1, with 90% or greater of the maximum activity between pHs 7.5 and 8.5.
Taking into account the variation of the extinction coefficients of the enol complex of acetoacetyl-CoA at different concentrations of Mg 2ϩ , the activity of KT was maximal with Mg 2ϩ between 5 and 10 mM. Concentrations of Mg 2ϩ greater than 10 mM were inhibitory, with activities at 25 KT displayed typical hyperbolic kinetics in both the thiolysis and condensation directions in initial velocity studies with highly purified enzyme. Double reciprocal plots of activity versus substrate concentration were linear in both directions of the reaction. In the thiolysis direction, a parallel pattern of linear double reciprocal plots was observed when acetoacetylCoA was varied between 10 and 50 M at fixed concentrations of CoA between 10 and 50 M (Fig. 2) . Substrate inhibition was observed at concentrations of CoA above 50 M when acetoacetyl-CoA was below 30 M (results not shown). Data from experiments of the type shown in Fig. 2 fitted well to the Michaelis-Menten equation for a bireactant ping-pong mechanism, and the kinetic constants determined in this way are given in Table 2 .
Kinetic constants for the condensation reaction were determined by fitting to the Michaelis-Menten equation of initial rate data from experiments in which the concentration of acetyl-CoA varied between 0 and 2 mM (Fig. 3) . The maximum velocity in the condensation direction was approximately 10% of that in the thiolysis direction (Table 2) . When highly purified preparations of 3-KT were used in assays, a value of approximately 1 mM was determined for the apparent K m for acetyl-CoA (Table 2 ). However, with partially purified enzyme preparations (i.e., after Econo-Q chromatography), the apparent K m for acetyl-CoA was close to 0.3 mM (Table 2 ).
In the condensation direction, CoA was a potent inhibitor.
FIG. 1. SDS-polyacrylamide gel electrophoresis of KT from free-living
Rhizobium sp. (Cicer) strain CC 1192 cells. Purified KT after the second Mono-Q purification step of the procedure described in Table 1 was electrophoresed in an SDS-12.6% polyacrylamide gel which was stained with silver reagent. Fig. 2, 3 , and 4 to the respective rate equations as described in the text. The values shown are the means Ϯ SE of duplicate experiments with separate preparations.
b Determined with KT after Econo-Q chromatography. c Determined in the presence of 50 M NEM.
Activity was reduced 50% by CoA at a concentration of 10 M when the concentration of acetyl-CoA was between 0.15 and 0.5 mM. Double reciprocal plots of activity versus acetyl-CoA concentration at different concentrations of CoA were linear and intersected on the ordinate (Fig. 4) . The data fitted well to the equation for linear competitive inhibition, giving an estimate of 11 M for the inhibition constant (K i ) for CoA ( Table  2 ). The inclusion of 50 M N-ethylmaleimide (NEM) in standard reaction mixtures with the highly purified KT resulted in an approximate doubling of the condensation activity and a decrease in the apparent K m for acetyl-CoA from near 1 mM to 0.23 mM (Table 2) . However, when condensation activity was assayed in the presence of an acetyl-CoA-regenerating system to remove CoA, as described by Suzuki et al. (29) , no significant increase in activity was noted, although the degree of inhibition was reduced from 75% to 30% in reaction mixtures to which 20 M CoA had been added.
The addition of NAD ϩ and NADH at a concentration of 1 mM to standard reaction mixtures inhibited thiolysis activity by 9 and 29%, respectively, whereas NADP ϩ and NADPH at 1 mM inhibited thiolysis activity by approximately 10%. Addition of 0.1 mM NAD ϩ or 1 mM NADP ϩ to the standard reaction mixture did not affect condensation activity. The effect of NAD ϩ concentrations greater than 0.5 mM on condensation activity could not be assessed, since the activity of the coupling enzyme (3-hydroxyacyl-CoA DH) used in the assay was inhibited (data not shown). Attempts to measure the effects of NADH and NADPH on condensation activity with a two-stage assay were unsuccessful, with no acetoacetyl-CoA being detected when the coupling enzyme was added after the reaction was stopped by being heated in a boiling water bath for 3 min.
Thiolysis activity was inhibited 25 and 50% by the addition to standard reaction mixtures of Ca 2ϩ at 10 and 25 mM, respectively, whereas the following had no effect on thiolysis activity at the concentrations indicated: NaCl (50 mM), KCl (25 mM), Na acetate (50 mM), NH 4 Cl (50 mM), Na pyruvate (5 mM), and Na L-malate (5 mM). There was no effect on activity in the thiolysis or condensation direction when KT was incubated for 3 min at 30°C with 10 M p-chloromercuribenzoate, HgCl 2 , or HgCl before addition of the enzyme to the respective standard reaction mixtures. KT from Rhizobium sp. (Cicer) strain CC 1192 bacteroids. For comparison, some of the kinetic properties of KT from chickpea bacteroids were also studied. The enzyme used in these experiments was partially purified by (NH 4 ) 2 SO 4 fractionation and Econo-Q chromatography and had a specific activity of 0.4 mol of product min Ϫ1 mg of protein
Ϫ1
. The preparation did not contain any 3-ketoacyl-CoA thiolase activity with 3-ketodecanoyl-CoA as a substrate.
The relationship between the initial velocity of the condensation reaction and the acetyl-CoA concentration was hyperbolic, and the corresponding double reciprocal plots were linear. An apparent K m value of 0.38 Ϯ 0.01 mM (mean Ϯ SE of duplicate experiments) was determined by varying the acetylCoA concentration between 0 and 2 mM and fitting the initial rate data to the Michaelis-Menten equation. The condensation reaction was strongly inhibited by CoA, with 50% inhibition occurring at approximately 6 M CoA. A linear pattern of double reciprocal plots which intersected on the ordinate was observed when acetyl-CoA was varied between 0 and 0. VOL. 63, 1997 3-KETOTHIOLASE OF CHICKPEA RHIZOBIAthiolysis and condensation directions of 167 and 16 mol of product min Ϫ1 mg of protein Ϫ1 , respectively. These activities are similar to values reported for highly purified preparations of KT from B. japonicum bacteroids of soybean nodules (29) and from other microbial and animal sources (11, 17, 22) . Only one peak of KT activity was observed with acetoacetyl-CoA as the substrate throughout the purification procedure, and no activity was detected in extracts of free-living and bacteroid cells of CC 1192 with 3-ketodecanoyl-CoA as the substrate. Ketothiolases are ubiquitous enzymes, and many tissues have been shown to have two forms-one specific for acetoacetylCoA and the other, which is involved in ␤-oxidation of fatty acids, active with C 4 -to-C 16 ketoacyl-CoA derivatives (1) .
The native and subunit molecular masses of approximately 180 and 44 kDa, respectively, indicate that KT from free-living CC 1192 cells is a homotetramer. A similar structure has been proposed for the enzyme from bacterial, animal, and plant sources (1, 7, 23, 29, 31, 32) . The isoelectric point of KT from CC 1192 was near pH 4.6, which is similar to that of the enzyme from Alcaligenes eutrophus (11) .
Under the conditions used in these experiments, hyperbolic kinetics were observed for the thiolysis reaction of KT from CC 1192 when either CoA or acetoacetyl-CoA was the varied substrate. The parallel patterns of double reciprocal plots suggested a ping-pong mechanism for the thiolysis reaction, as has been proposed for KT from other sources (5, 11, 17, 18, 22, 23, 29) . In the thiolysis direction, the K m of KT from free-living CC 1192 cells for acetoacetyl-CoA (42 M) was comparable to that of the enzyme from other microbial sources, whereas the affinity for CoA (K m , 56 M) appeared to be somewhat lower than those found in other studies. Most reported K m values of KT for CoA fall in a range between 10 and 30 M (5, 17, 11, 18, 22, 27, 29, 31) .
Hyperbolic substrate saturation kinetics were observed in the condensation direction, and the data fitted well to the simple Michaelis-Menten equation. Linear double reciprocal plots, which have also been reported for KT from other bacteria (11, 27, 29) , are consistent with an acetyl-enzyme intermediate forming rapidly (7, 10) in relation to subsequent steps and not contributing significantly to the kinetic equation for the reaction. A value of approximately 1 mM was obtained for the apparent K m for acetyl-CoA with highly purified KT from free-living CC 1192 cells, whereas this value was 0.2 to 0.3 mM for partially purified enzyme from free-living and bacteroid cells and for purified enzyme in the presence of NEM. These differences in K m values can be attributed to potent competitive inhibition by the product CoA. NEM reacts readily with CoA (results not shown) and is likely to scavenge the inhibitor as it is formed. An analogous situation may have occurred with partially purified enzyme preparations, which could contain an enzyme, such as a disulfide reductase, that can react with CoA. The K m values for acetyl-CoA reported for KT from other sources fall in a very wide range-from 0.1 mM to greater than 1 mM-which may reflect various degrees of inhibition by CoA under different assay conditions with enzyme preparations of different purities (5, 11, 18, 22, 29) . The condensation activity of KT from CC 1192 appeared to be more sensitive to inhibition by Mg 2ϩ than was reported for the enzyme from B. japonicum bacteroids (29) .
Strong competitive inhibition by CoA of the condensation reaction of KT, as observed in this study with enzyme from free-living and bacteroid cells of CC 1992, has been reported for KT from many sources. However, the CC 1192 KT appeared to be more sensitive to inhibition by CoA than the enzyme from other bacteria (11, 17, 31) . The K i values for CoA of KT from free-living and bacteroid cells of CC 1192 were 6 to 10 M, and assuming that the K m for acetyl-CoA was near 0.2 to 0.3 mM, this means that the affinity of the enzyme for the product is 30 to 40 times higher than that for the substrate. Hence, unless the acetyl-CoA/CoA ratio in situ is very high, condensation activity of KT would not be favored. KT from B. japonicum bacteroids is also strongly inhibited by CoA, although the K i value was not determined (29) .
Extracts from free-living and bacteroid cells of CC 1192 have similar capacities for the KT reaction (13) , and the enzymes concerned appeared to have similar kinetic properties (this study). Hence, the reason why PHB accumulates in free-living but not bacteroid cells of CC 1192 is likely to be related to differences in the microenvironment within the two types of cells. The main substrates taken up from the host legume by the bacteroids are considered to be dicarboxylic acids such as malate, which may be decarboxylated to pyruvate by malic enzyme or oxidized to oxaloacetate by malate DH (8, 20) . Bacteroids from CC 1192 have a higher capacity for malate oxidation than do free-living CC 1192 cells (13) , which means that the formation of oxaloacetate and, in turn, incorporation of acetyl-CoA into the TCA cycle may occur at a faster rate in bacteroids than in free-living cells. We suggest that in freeliving CC 1192 cells, the acetyl-CoA/CoA ratio reaches a value that allows condensation activity of KT to occur, but as a consequence of the greater capacity for oxaloacetate formation, the acetyl-CoA/CoA ratio in CC 1192 bacteroids is poised so that the formation of acetoacetyl-CoA and PHB is not favored. In A. eutrophus and Methylobacterium rhodesianum, the initial phase of PHB synthesis coincides with a rapid decrease in the CoA content of the cells (19, 21) . We did not attempt to measure acetyl-CoA/CoA ratios in this study, because analyses of these metabolically labile compounds would not be meaningful after the process of isolating bacteroids from nodules and separating them from host mitochondria. However, the similarity of the kinetic properties of KTs from CC 1192 (this study) and B. japonicum (29) is consistent with the suggestion that metabolite concentrations determine whether PHB accumulates.
